fidence interval, CI = 1.06-1.65, p = 0.0096, for rs1046295, and OR = 1.41, 95% CI = 1.12-1.75, p = 0.0026, for rs16659). A strong association was observed between an SNP in DPP10 (rs10208402) and log e -transformed total IgE (p = 0.0003) and the percentage of peripheral blood eosinophils (p = 0.0023). A weak association between rs1430090 in DPP10 and forced expiratory volume in 1 s was also observed (p = 0.048). Haplotype analysis revealed two protective haplotypes in PHF11 against asthma. Conclusion: The results provide supporting evidence for genetic variants in PHF11 and DPP10 genes underlying asthma susceptibility and asthma-related quantitative traits in a Han Chinese population.
Polymorphisms of
. Since the first whole genome-wide linkage screening for asthma and allergy was completed in 1996 [2] , several loci influencing asthma susceptibility or asthma-related traits have been identified by positional cloning and whole genome association [3] [4] [5] [6] [7] [8] . The polymorphisms of the PHD finger protein 11 ( PHF11) gene and the dipeptidyl-peptidase 10 ( DPP10) gene were found to have associations with asthma and related traits by positional cloning [4, 5] . The functions of the two genes are not fully understood. PHF11 on chromosome 13q14 is suggested to genetically impact asthma via serum total IgE regulation and altered Th1/Th2 cytokine release [4, 9] ; DPP10 , which is located on chromosome 2q14, is strongly associated with asthma susceptibility, possibly through regulating the activities of chemokines and cytokines [5] . Genetic risk factors for asthma have often differed among different populations [10] . This may be caused by phenotypic heterogeneity, different ethnicity and linkage disequilibrium (LD) patterns. Replication of the results in other populations provides strong evidence for associations, particularly for complex disease genes. In order to determine if polymorphisms in PHF11 and DPP10 also affect other populations, we tested six markers from chromosome 13 that covered PHF11 and five markers from chromosome 2 that covered DPP10 in a in a casecontrol study in a Han Chinese population.
Patients and Methods

Subjects and Phenotype Definition
We recruited 408 asthma patients and 288 controls with Han ethnicity from the Northern region of China. All subjects were unrelated. Asthma cases were recruited at the Pulmonary Clinic, Peking Union Medical College Hospital. Ethnicity-matched controls were selected from non-asthmatic, non-atopic, healthy individuals. The study protocol was approved by the Human Research Ethics Committee of the Peking Union Medical College Hospital, and all subjects gave written informed consent to participate in the study.
Measurement of serum total IgE was performed by applying the UniCAP System (Pharmacia, Uppsala, Sweden) according to the manufacturer's instructions.
Atopy was defined as 6 100 IU/ml of serum total IgE [11, 12] . All cases had current asthma symptoms including wheezing, cough, awakening at night and shortness of breath. Asthmatics with forced expiratory volume in 1 s (FEV 1 ) 6 70% of predicted underwent the methacholine challenge test, and positive bronchial hyperresponsiveness was defined by a 20% fall in FEV 1 at inhaled methacholine concentrations ^ 12.8 mol. Patients with FEV 1 ! 70% of predicted underwent an airway reversibility test, with positive airway reversibility defined by both 12% improvement in FEV 1 and an increase 6 200 ml in the absolute FEV 1 value after ␤ 2 -agonist inhalation. Asthma diagnoses were made using the criteria defined by the American Thoracic Society [13] .
Genotyping DNA was collected from peripheral blood leukocytes by standard phenol-chloroform extraction. A total of eleven markers were genotyped. Single nucleotide polymorphisms (SNPs) were genotyped by means of restriction fragment length polymorphism polymerase chain reaction (PCR). Marker rs16659 is a 15-bp insertion/deletion polymorphism and was genotyped by direct loading of PCR products onto 4% agarose gel (see table 1 for detailed PCR information). In general, PCR cycle conditions were as follows. In total, 35 cycles were performed, each cycle consisted of (i) 60 s at 94 ° C, followed by (ii) 60 s at 50-60 ° C and then (iii) 30 s at 72 ° C. After PCR, products were subject to a 4-hour enzymatic digestion including 2-4 units of enzyme per reaction. The reactions were then loaded onto 3-4% agarose gel for genotype scoring.
Statistical Analysis
All genotype and phenotype data were analyzed using PLINK. Genotype and allele frequencies in cases and controls were compared by contingency table analysis. Genotype relative risks were calculated according to the statistical method described by Lathrop [14] . This method compares case genotype frequencies with expected control genotype frequencies under the assumption of the Hardy-Weinberg equilibrium, and is more powerful than standard contingency table analysis.
Quantitative traits were tested using a variance component approach implemented in the statistical package Merlin [15] . Quantile normalization was applied to all quantitative traits prior to analysis (with the exception of total serum IgE which had already been subject to a log transformation). Missing genotypes were inferred using the -infer option available in Merlin. LD and haplotypes were assessed using the open source program Haploview (version 4.0) [16] . All markers were included in these analyses on a gene-by-gene basis, although only haplotypes present in 6 1% of the population were considered for associations to asthma. Empirical p values were determined by permutation (n = 1,000) and p ! 0.05 was regarded as statistically significant.
Results
Characteristics of the Subjects
In total, 696 unrelated subjects of Han ethnicity were included in this study (408 asthma cases and 288 controls). The incidence of asthma was higher in females than in males (58.2 vs. 41.8%). The baseline FEV 1 was significantly lower in asthmatics than normal controls (70.65 8 24.15 vs. 90.6 8 14.92% of predicted, p ! 0.00001). One hundred and thirty-five (33%) asthma subjects with baseline FEV1 6 70% of predicted were examined using the airway challenge test; in all of these subjects, positive bronchial hyperresponsiveness was documented. The airway reversibility test was carried out in 273 patients (67%). The mean improvement in FEV 1 was 26.36 8 14.27%. The serum total IgE values in controls were within the normal range. Detailed characteristics of the individuals are listed in table 2 .
Association between Polymorphisms in PHF11 and DPP10 Genes and Asthma and Related Traits
We selected six polymorphisms in PHF11 and five polymorphisms in DPP10 for investigation. The markers in PHF11 covered 218 kb. Three of these markers (rs3765526, rs9526569 and rs1046295) were either intronic to PHF11 or located in the 5 -untranslated region (UTR). A proportion of these markers were extensively studied in the initial report on PHF11 associations [4] . Five markers in and around DPP10 were selected from 5 -upstream and the introns of splicing variants of exon Ia, IIs and Ic of the gene and covered 114 kb. The marker information and allele genotype frequencies are listed in table 3 . All SNPs met the criteria for the Hardy-Weinberg equilibrium in both case and control groups (data not shown).
Single marker analysis for associations showed that two markers in the PHF11 locus (rs1046295 and rs16659) were significantly associated with asthma (odds ratio, OR = 1.32, 95% confidence interval, CI = 1.06-1.65, p = 0.0096, for rs1046295, and OR = 1.41, 95% CI = 1.12-1.75, p = 0.0026, for rs16659). Homozygote G/G for rs1046295 and homozygote D/D for rs16659 insertion/deletion polymorphisms (IDPs) were significantly associated with the We further searched for associations between polymorphic markers in PHF11 and DPP10 and a number of quantitative asthma-related traits using Merlin. A single marker in DPP10 , rs10208402, demonstrated highly significant associations with both log-transformed IgE (p = 0.00031) and the percentage of eosinophils (p = 0.0049). A more moderate association was also observed between marker rs1430090 (also in DPP10 ) and FEV 1 (p = 0.038). A single marker in PHF11 (rs11619265) was significantly associated with the percentage of eosinophils (p = 0.0078), and the same marker showed a trend towards significance for log-transformed IgE (p = 0.083). Marker names, locations and positions of the gene were reported previously [4, 5] . MAF = Minor allele frequency. rs16659 is an insertion/deletion polymorphism marker. 
Haplotype Analyses and LD Tests
Haplotype analyses of all markers gene by gene (including haplotypes present in 6 1% of the population genotyped) revealed a moderate association between two PHF11 haplotypes and asthma (AATGIA, 2 = 4.14, p = 0.0419, and AACGIA, 2 = 6.248, p = 0.0124). Only one haplotype remained significant after 1,000 permutations (haplotype = AACGIA, permutation p = 0.0240). This haplotype was significantly underrepresented in asthmatics compared with controls, with case and control frequencies of 0.124 and 0.172, respectively. This haplotype therefore appears to confer protection against asthma. No haplotypes in DPP10 showed a consistent association with asthma ( table 5 ) .
Discussion
We performed a case-control study to test the association between polymorphisms in PHF11 and DPP10 and asthma, as well as a number of quantitative intermediate traits in 408 patients and 288 controls in a Han Chinese population. Two markers in PHF11 , rs1046295 and rs16659, were found to be significantly associated with asthma, and a third marker, rs11619265, with peripheral blood eosinophils. Markers in DPP10 were not significantly associated with asthma, however highly significant associations were observed with both log-transformed serum IgE (rs10208402) and the percentage of peripheral blood eosinophils (rs10208402). A more mod- PHF11 marker order: rs1161926-rs3765526-rs9526569-rs1046295-rs16659-rs953502; rs16695 is an insertion/ deletion marker. DPP10 marker order: rs756800-rs10208402-rs1430090-rs17763810-rs12151526. Significant differences in haplotypes are shown in bold.
erate association was also noted between DPP10 (rs1430090) and FEV 1 . One haplotype in PHF11 was shown to confer significant protection against the risk of asthma. Together, these results provide support for the hypothesis that polymorphisms in PHF11 and DPP10 affect the susceptibility to asthma and/or asthma-related traits.
PHF11 , encoding a plant homeodomain finger protein, regulates transcriptional activity with multiple splice variants in T and B cells [4] . A recent study has shown that PHF11 regulates the expression of Th1-type cytokine genes, and reduced expression of PHF11 in atopic dermatitis (a disease that commonly presents concomitant with asthma) causes strong Th2 responses characterizing asthma and allergic diseases [9] . In PHF11 , markers rs3765526 and rs1046295 have been associated with asthma in the general Australian population and are significantly linked to severe asthma in unrelated British individuals [4] . In an extensive study testing positionally cloned asthma genes, several SNPs in PHF11 were reported to be marginally associated with childhood asthma in European-American and Hispanic families [11] .
The positive association between rs1046295 and asthma was confirmed by the initial positional cloning that first implicated PHF11 in the etiology of asthma. Marker rs1046295 is located in the 3 -UTR of PHF11 and has also been associated with childhood atopic dermatitis [17] . The G allele of rs1046295 is preferentially transmitted to children with atopic dermatitis and has been associated with decreased PHF11 RNA in Th1 cells [9] . Marker rs16659 is 4 kb away from rs1046295, positioned within the 5 -UTR of RCBTB1, and shows strong LD with rs1046295 (r 2 = 0.9, data not shown). SETDB2 and RCBTB1 colocalize with PHF11 within the same LD blocks. They may also be important to the disease, particularly SET-DB2, which has an expression profile similar to PHF11 in immune-related cells [4] . In the present study, genetic markers in PHF11 were closely associated with overall asthma susceptibility but not linked to asthma-related phenotypes, e.g. serum total IgE. This can be due to the fact that for the overall disease risk, phenotypes are influenced by numerous biological pathways that interact with environmental factors [18, 19] .
DPP10 encodes a dipeptidyl peptidase, which can cut two peptides from N-termini of certain proinflammatory chemokines, but it is still unknown whether the removal of two peptides activates or deactivates them. DPP10 is prominently expressed in the brain as well as adrenal glands and trachea. In situ hybridization showed that DPP10 is expressed in neuronal populations also known to express Kv4 products, and DPP10 protein was found to coprecipitate with Kv4.2 channel complexes from brain membranes [20] .
In the initial positional cloning study of DPP10 , marker rs1430090 was strongly associated with asthma. In particular, haplotype rs1430090-D2S308 was positively associated with severe asthma in German children. The marker rs1430090 was also suggested to affect DPP10 expression by altering the sequence of the known promoter element (CdxA) adjacent to one of the alternative exons [5] . The associations between polymorphisms in DPP10 and asthma or asthma-related traits were not found in two family-based samples [11] . In our study, marker rs10208402 in DPP10 was strongly associated with peripheral blood eosinophil (%) and serum total IgE in patients with asthma. The same marker correlated strongly with IgE in Australian and British families [5] . Marker rs1430090 was also associated with FEV 1 in asthma patients.
The discrepancies observed between studies could reflect true differences in the genetic effects of DPP10 variants or in the patterns of LD between typed and true causative variants [5, 21] . Also, the extent and nature of gene-gene and gene-environment interactions may vary between populations [22] . Environmental exposure, which is crucial for the expression of asthma, may well vary between populations [23] . In addition, differences in the study design may also influence the type of effect observed. In previous studies, the subjects have been children, whereas our study includes only adults. Age is known to have important effects on the expression of asthma. Longitudinal studies have indicated that about 50% of children with asthma will outgrow the symptoms after a numbers of years [24] .
A higher serum total IgE is a robust risk factor for asthma regardless of the specific IgE to allergen [25] . Our study clearly demonstrates that markers within DPP10 associate with several asthma-related traits. This may be a consequence of allelic heterogeneity whereby distinct alleles yield distinct phenotypic consequences, or an effect of pleiotropy whereby a single allele yields a variety of pathogenic effects. Different asthma-related phenotypes are certainly known to map to different locations within this broad linkage region [8, 26, 27] .
The case-control study design adopted in this study is a common strategy in genetic studies of complex diseases such as asthma [18, 28] . The advantage of association studies is that this approach will detect the genes with smaller effects in sample sizes comparable to those used in linkage analyses. Statistically, there is increased power in studying the equivalent number of individuals in casecontrol association studies than in family-based studies [18] . However, small population sizes, population stratification, phenotype heterogeneity and varied environmental exposure are often blamed for negative replication of initially positive associations [10, 29] . The current study has some advantages. It was based on a relatively large study cohort including nearly 700 unrelated individuals (408 patients and 288 controls) with Han Chinese ethnicity recruited from the Northern region of China, representing a relatively homogeneous group. The diagnosis of asthma was defined by the present asthmatic symptoms plus an explicit diagnostic test such as bronchial hyperresponsiveness or positive airway reversibility [30] ; this study includes adults only, thus, to a greater extent, avoiding the possibility of phenotypic heterogeneity which may cause spurious associations, as evidence shows that childhood and adult asthma differ in several aspects [31, 32] .
In conclusion, our findings that genetic variants in PHF11 and DPP10 genes partially contribute to asthma susceptibility and asthma-related phenotypes are consistent with the known genetic biology of asthma that several genes at distinct chromosomal regions confer the risk of asthma, having a larger or smaller effect according to environmental risk exposure [27, 33, 34] . However, it should be pointed out that the functional variants in the two loci and the mechanisms by which they mediate the phenotype have yet to be elucidated. Large-scale studies of these genes in other populations, particularly in combination with the underlying disease-causing mechanism(s), are required in order to accurately predict the disease risk conferred by these loci.
